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1. INTRODUCTION 
The mass balance of Antarctica is one of the central que-stions in today's climate 
discussion, The reaction of the large Antarctic ice sheet to a possible climate change 
might have serious consequences for the rest of the world. 
In spite of almost 40 years (since the International Geophysical Year 1957158) of 
intensive studies including aerial and satellite measurements we still do not even 
know the sign of the mass balance of this huge ice mass. 
Ice shelves surrounding about 50% of the coast line play an important role in the 
study of the mass balance. Calving of icebergs at the ice shelf fronts is one of the 
main loss factors in the budget. Melting of snow at the surface is negligible, but 
melting of ice shelves at the front and bottom can be very important as recent 
measurements on different ice shelves have shown (Nixdorf et al., 1994, Corr et al., 
1996, Jacobs et al., 1996). Transportation of snow by wind can locally contribute to 
both gain or loss ofmass. The main gain factor is precipitation, which is extremely 
low in the interior of the continent, less than 50 mm/a on the high plateau. It increases 
gradually towards the coasts, where between 200 mm and 400 mm are measured 
(Schwerdtfeger, 1984). The steepest gradient is observed at the edges of the continent 
due to orographical effects and the change from continental to maritime climate. At 
the Antarctic peninsula even higher values occur, but only in a relatively small area. 
One big problem in the determination of Antarctica's mass balance is the enormous 
size of the continent. Thus it has to be studied in different smaller areas. 
This study concentrates on EkstrÃ¶misen where the German research station 
,Neumayer" is situated. It gives a Summary of accumulation studies in this area and 
the spatial and temporal variation of accumulation will be discussed. 
2. A BRIEF HISTORY OF MASS BALANCE STUDIES ON 
EKSTROMISEN 
With an area of about 8700 k m 2  EkstrÃ¶mise represents one of the smaller ice 
shelves. Situated in Dronning Maud Land, it reaches about 130 km southwards and 
is sursounded by the S0risen in the West, Ritscherflya to the south, and Halvfai-ryggen 
On the eastern side. 
The first ,,modern" expedition to this part of Antarctica was the Norvegia-Expedi- 
tion of Riiser-Larsen in 193 1. They found Kapp Norvegia and named the land behind 
the coast they were sailing along, Dronning Maud Land, in honour to the Norwegian 
queen. 
The German Antarctic Expedition 1938139 took with them two Dornier catapult 
hydroplanes on board the expedition ship ,,Schwabenland" (Herrmann, 1941). The 
fil-st maps of the region between about 10Â° and 20Â° were obtained using aerial 
photographs (Ritscher, 1942) taken out of these planes. The area was called ,,Neu- 
Schwabenland". 
The first to step on Dronning Maud Land were the members of the Norwegian- 
British-Swedish Expedition (the first international Antarctic expedition) of 1949- 
1952. They built an overwintering station, Maudheim, at the coast of Dronning 
Maud Land, east of Kapp Norvegia, on the ice shelf, which was later called Quarisen. 
The members of this expedition were the first, who carried out glaciological 
measurements in this area. On long summer sledge journeys to the mountain ridges 
in the South, they also crossed the EkstrÃ¶mise and carried out accumulation 
measurements there (Schytt, 1958a+b, Swithinbank, 1957). 
In a tragic accident the expedition lost three men, Quas, EkstrÃ¶m and Jelbart, when 
a weazel feil into the sea at the ice front (Giaever, 1955). The three ice shelves were 
named aftei- them later. 
Fig. 2.1 shows the described area with the places mentioned in the text. 
In the end of the 1970s Germany decided to intensify its scientific activities in 
Antarctica and to build an overwintering station. During the austral summer 19791 
80 a pre-site survey expedition tried to find a suitable place for the research station 
in the area of the Filchner-Ronne-Schelfeis (Kohnen, 198 1). Due to extremely heavy 
sea ice conditions in the following summer the station could not be built on the 
Filchner-Ronne-Schelfeis, but the alternative place Atka Iceport had to be chosen. 
At the end of summer 198018 1 the Georg-von-Neumayer Station (GvN) was finished 
and a team of five men, including one scientist, prepared themselves for the first 
winter (Kohnen, 1981). 
Since 198 1 the accumulation has been measured continuously at a stake array south 
of the station. Additionally, firn cores were taken and Snow pits were dug in varia- 
ble time intervals, either by scientists coming only for the summer season or by 
overwinterers, most of them glaciologically interested meteorologists. 
The first stake array was set up by F. Obleitner, who was the first scientist to 
Fig. 2.1 : Map of EkstrÃ¶mise and the locations mentioned in the text 
(after IFAG, 1993) 
winter over at GvN. The results of his studies of the glacio-meteorological conditions 
at GvN can be found in bis thesis (Obleitner, 1987). Especially his careful 
stratigraphical analysis of snow pits and cores is still very valuable and helpful for 
the investigation of accumulation in later years, for which less data are available. 
In later years new stake arrays were set up at different locations in the vicinity of the 
Stations, up to a distance of about 70 km (Sturm, pers. comrn.), and were observed 
over variable time periods. 
During the first years the glacio-meteorological activities at GvN were mainly driven 
by the Kommission fÃ¼ Glaziologie der Bayerischen Akademie der Wissenschaf- 
ten, MÃ¼nchen and the GSF-Forschungszentrum fÃ¼ Umwelt und Gesundheit, MÃ¼n 
chen. The Institut fÃ¼ Umweltphysik der UniversitÃ¤ Heidelberg was involved in 
the chemical analysis of Snow samples. These has never been a continuous glacio- 
meteorological program, though. 
In 1985186 the first Gesman land expedition started from Georg-von-Neumayer- 
Station southwards to the Heimefrontfjella. The expedition route was marked with 
bamboo poles, which were also used as accumulation stakes later (Miller and Oerter, 
1990). 
In the austral summer 1986187 an intensive glaciological program was planned on 
the Filchner-Ronne-Schelfeis. But like in 198018 1 the heavy sea ice conditions did 
not allow the German research vessel ,,Polarsternc' to reach the Filchner-Ronne- 
Schelfeis. So EkstrÃ¶rnise was chosen for an alternative expedition, which proceeded 
270 km southwards to a latitude of about 73OS. The aim of the so-called "EkstrÃ¶m 
Traverse" was to determine the spatial distribution of accumulation in the area of 
EktrÃ¶mise and Ritscherflya. Along the expedition route seven Snow pits were dug 
and 17 shallow firn cores (10 m) taken. Three deeper ice core drillings were carried 
out at two drilling locations. The chemical properties of these cores and pits were 
studied by Moser (1991). Additionally the accumulation since the year before was 
measured at the bamboo stakes (Miller and Oerter, 1990). This was repeated in 
1989190 during the ,,Kottas-Traverse" (Patzelt and Rott, 1991). 
During the summer 1991192 a new station, Neumayer, was built about 7 km southeast 
of the old base, Georg-von-Neumayer Station, which had to be given up, because it 
was deformed too strongly due to ice movement. Adjacent to the new base Neumayer 
also a new stake net for accumulation studies was set up. 
Since 1993 several traverses led south, especially in connection to the EPICA pre- 
site survey in Dronning Maud Land. During these expeditions no more firn cores 
were taken On the ice shelf, but the accumulation stakes were measured. 
3. DATA 
In spite of the lack of a continuous glacio-meteorological program on EkstrÃ¶misen 
there is a surprisingly complete data Set available, including stake measurements, 
data from Snow pits and shallow firn cores, and surface Snow samples. 
Fig. 3.1 shows the location of stake arrays, snow pits and shallow firn cores in the 
vicinity of Neumayer. N, W, and S ai'e stake arrays relatively close to the station. 
Fig. 3.1: Location of stake arrays, snow pits and cores mentioned in the text 
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3.1 Accun~ulation stake measurements 
An array of accumulation stakes was installed 700 m south of GvN on 18.03.81 
(Obleitner, 1987). Since that day the number of stakes and the site of the array were 
sometimes slightly changed, but the accumulation has been measured continuously 
until today. Except for the third overwintering yeas, 1983184, during which the stakes 
were measured only monthly, the measuring interval was usually one week, 
sometimes even shorter. 
In 199111992 the new station Neumayer was built about 7 km southeast of Georg- 
von-Neumayer Station. A new stake assay 1 km south of Neumayer was established 
on 8.3.92 and this and the old one 1 km south of GvN were run simultaneously until 
4.2.94, from then On only the measurements at the new array have been continued. 
In 1987 another stake array was set up together with a little meteorological station 
15 km south of GvN. The accumulation measurements have been casried out until 
today, but unfortunately the data between 28.2.88 and 20.3.90 are lost. Two more 
stake arrays north and West of the station (see Fig. 3.1) were run only during the 
overwintering 1987188. 
Also in 1987 the geophysicists installed a new seismic station at the Halvfarryggen, 
southeast of GvN, a new stake array close to the geophysical station followed. The 
Same happened in 1989 at S@r2sen, southwest of GvN. 
Additi.onally, the stakes mariking the route southwards to the Heimefrontfjella were 
measured whenever an expedition came along, starting in 1985186, then again in 
1986187. 1989190, 1995196 and 1996197. 
Fig. 3.2 and Fig. 3.3 show the accumulation and yearly cumulative accumulation at 
GvN and at Neumayer, respectively. The complete data set of all stake arrays can be 
found in Appendix A. 
The strong winds usually accompanying snowfall events make it impossible to 
measure precipitation ,,normally", using ombrometers. The accumulation deterrnined 
using stake measurements does not exactly equal the precipitation, but it is as close 
as possible. 
If snowfall and strong wind occur at the Same time, snow is whirled up from the 
surface. Thus the snow particles suspended in the air represent not only the 
precipitation itself, but also particles coming from the ground. This is called ,,blowing 
snow". The vertical transport of snow particles due to turbulent diffusion is propor- 
tional to wind speed. Under undisturbed conditions, like above an ice shelf, a constant 
wind speed soon leads to a state of equilibrium with a constant particle concentration 
in the air. The particle flux from the surface to the air due to turbulent diffusion 
equals the sedimentation due to gravity. If the wind speed increases, more particles 
flow into the air, the snow surface is eroded. Decreasing wind speed means 
accumulation of snow On the ground. (Liljequist, 1979). 
If there is Snow in the air without snowfall, it is called ,,drifting snow". In most 
cases it is impossible to distinguish between blowing Snow and drifting snow. A 
storm event can bring accumulation as well as ablation due to erosion of the Snow 
surface. This can cause problems in dating Snow pits, when whole layers are mis- 
sing. Therefore in areas with strong wind influence stake measurements are necessary 
Fig. 3.2: Accumulation at Georg-von-Neumayer Station, 1981-1993 
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Fig. 3.3: Accumulation and cumulative accumulation at Neumayer Station 1992- 1996 
for an exact dating of snow pits and firn cores. 
3.2 Snow pits 
Snow pits were dug on several occasions, at GvN, Neumayer, ,,15krn South", 
Halvfarryggen, and Sgrisen, and along the expedition track to the South in 1986187 
(see Chapter 2) .  Usually density and sometimes temperature were measured 
immediately in the pits. Additionally a more or less exact stratigraphic description 
was given. 
Snow samples were taken to determine electrolytical conductivity and oxygen and 
hydrogen isotope content ( 1 8 0 ,  2H, deuterium excess d, 3H). 
Usually the dating of the pits was done using 1 8 0  contents, which show a relatively 
clear seasonal variation. Visual stratigraphy and electrolytical conductivity, which 
also depends on the season, were helpful, when the isotope signal was not good 
enough for an exact dating. However, in many cases only part of the information, 
either isotope or visual stratigraphy, is available. Since advection of warm air masses 
is possible at any time of the year (the maximum temperature for August is -4.5OC 
!), peaks in the 1 8 0  profile often cannot be clearly related to one summer. Here only 
the combination with core or stake data of the Same site can help. For the pits and 
cores of the EkstrÃ¶ Traverse, for which no parallel measurements exist, some 
dating problems cannot be solved. 
Table 3.2 shows the available Snow pit data. 
Tab.3.2: Snow pit data on EkstrÃ¶mise since 1980 
1 Date 1 Loc. 1 Name 1 PubL 1 Dens. 1 Strat. 1 Cond. 1 5180 PH 1 d 1 -"H 1 Depth 1 
1 ai. 
X: datci avaiiuble, U: analysis in Progress, -: no tneasurement 
3.3. Shallow firn cores 
The first firn core was taken during the pre-site survey expedition at the planned 
alternative place for the future research station at Atka Bay (Reinwarth et al, 1982). 
The length of the core was 12 m, density, stratigraphy, conductivity, and oxygen 
and hydrogen isotopes were analysed. Dating and determination of yearly 
accumulation was done in the Same way as for the snow pits. In cases of ambiguous 
yearly layers the tritium content can be used to support an exact dating. 
Table 3.3 shows all available firn and ice core data. 
3.4. Surface snow samples 
Since the first overwintering year, additionally to snow pits and firn cores surface 
Snow samples have been taken, mainly for determination of their isotope content. 
There are two types of surface snow samples: Usually the overwinterers took Snow 
samples after snowfall events without strong winds, that means neither drifting 
snow nor blowing Snow was observed. This should ensure that the samples had 
their origin in local precipitation. Since such events occur fairly seldom, additionally 
at the end of each month samples from a surface layer, which roughly represented 
the accumulation of this month, were collected under extremely clean conditions, 
so that they also could be analysed chemically. 
For the years 1980 to 1990 the surface Snow samples were used to investigate the 
dependence of 2H and 1 8 0  contents of precipitation on the meteorological situation 
at GvN (Pfaff, 1993). 
Tab, 3.3: Shallow firn and ice core data on EkstrÃ¶mise since 1980 
1 Date 1 Loc.1 1 Name 1 Publ. 1 Dens. 1 Strat. 1 Cond. 1 '80 1 1 d 1 3H 1 Depth 
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Feb.80 1 GvN 1 Reinwarth 1 Reinwarth et 1 X 1 - 1 - 1 x 1 x 1 X 1 X 1 12.06 
4. COMPARISON OF STAKE MEASUREMENTS, SNOW 
PITS, AND CORES 
4.1. Comparison of stake measurements at GvN and Neumayer 
As mentioned in Chapter 3 accumulation at the stake arrays of the old station GvN 
and the new station Neumayer has been measured simultaneously for about twenty 
months. Fig. 4.1 shows the cumulative accumulation for GvN and Neumayer for 
the years 1992 and 1993 
Fig. 4. I :  Accumulation at Neumayer Station and Georg-von-Neumayer Station 
The shape of the GvN curve is fairly similar to the Neumayer curve, but at the new 
array accumulation is distinctly higher than at the old one. This is a bit surprising, 
because the shorter distance to the coast and the fact, that Neumayer lies farther 
southward than GvN, would favour a lower accumulation at Neumayer compared 
to GvN. These are several possible explanations for the higher accumulation at 
Neumayer: 
1. Usually accumulation in the immediate vicinity of the station is considerably 
higher than in a certain distance, because the building represents an obstacle for the 
wind. The newly constmcted base Neumayer was about 10 m higher than the 
surrounding Snow surface and might have influenced the accumulation even in a 
distance of 1 km. This would be confirmed by the observations of Roots and 
Swithinbank (1955) at Maudheim, who investigated the influence of the station 
buildings on the accumulation by doing a levelling survey. They found that the 
approximately 4 m high sastsugi around the station caused a disturbance reaching 
to a distance of about 400 m. 
2. Neumayer is situated about 5 km West of an ice rise, the RÃ¼ssel-EishÃ¶cke Since 
the predominating wind direction is east, a lee effect might have caused the 
comparatively high accumulation at Neumayer. Again already Swithinbank (1957) 
found at Quarisen that ,,a surface slope, however slight, resulted in a depasture 
from the value SOS accumulation which might otherwise have been found." 
3. The wind blowing over GvN Comes directly from Atka Bay (see Fig. 3. I), where 
past of the snow, no matter whether drifting snow or real precipitation, is ,,trappedC'. 
In summer it falls into the Open water, this concerns not more than two to three 
months OS the year. But even if the Atka Bay is covered with ice, large cornices are 
built up on the sea ice at the ice shelf edge, which is about 10 m high. The snow 
stored in these cornices is removed from the possible accumulation at GvN. 
On the contrary, Neumayer lies West OS the southern edge of Atka Bay, it is still 
influenced by it, but the involved area of the bay is smaller. On the other hand, the 
ice edge is here higher than east of GvN, which would mean that more Snow could 
be deposited On the sea ice at this edge. 
The accumulation at the ice shelf edge east of GvN is extremely low, during most of 
the year blue ice is observed. The ice edge east of Neumayer is heavily crevassed 
due to the ice rise. Therefore in this asea no accumulation measurements are available. 
It is extremely difficult to estimate the order of magnitude OS these different effects 
described above. 
Unfortunately, only these twenty months OS parallel measurements for the two sites 
are available. But during the summer of 1989190 (which means, before Neumayer 
was built) a shallow firn core was taken at the planned construction site for the new 
station. The data from this core should enable us to eliminate at least the possible 
influence OS the station. 
Fig. 4.2 shows the accumulation rates derived from this firn core compared to the 
values obtained using the GvN stake measurements. At both sites the annual 
variability of the accumulation is relatively high. 
Except for the first two years (1981 and 1982) the stake measurements agree well 
with the core data, Neumayer seems to have slightly lower accumulation rates than 
GvN, which would correspond to the expectation we had before we saw the results 
of the parallel measurements. In 198 1 the core data yield an accumulation rate 180 
mm higher than the stake data, whereas in the following year the stake data from 
GvN give an accumulation rate about 130 mm higher than the core data from 
Neumayer. 
There are several possible error sources: 
1. The dating OS the core might be not always correct. 
In Fig. 4.3 the 180-, conductivity, and density profiles of the ,,pre-Neumayer" core 
are shown. It can be seen that there is not always a distinctive maximum or minimum 
which can be clearly related to a certain summer or winter layer, respectively. It is 
also not possible to relate such a layer exactly to a certain month. A dating error is 
likely to explain the large differences in 1981 and 1982. 
Fig. 4.2: Accumulation from GvN stake array and Neumayer core 
2. To calculate the accumulation rate using the stake measurements, an assumption 
for the snow density has to be made. The density depends on wind speed, temperature, 
duration of the snowfallldrift, and amount of accumulation during this event. If the 
readings of the stake were not done immediately after the snowfallldrift, density 
inay also slightly change due to settling of the snow. It is impossible to take all these 
factors into account. 
Unfortunately, there are no density measurements of freshly fallen surface snow in 
the vicinity of GvNlNeumayer available. During the Norwegian-British-Swedish 
Antarctic Expedition a few surface snow samples of Quarisen were investigated, 
densities between 0.26 and 0.44 glcm3 were found (Swithinbank, 1957). 
The density observed in the uppermost 10 to 20 cm of the snow pits varies between 
0.30 and 0.46 glcm3. Usually the highest values ase found in pits dÃ¼ in summer 
after a longer clear weather period, when the snow had had Urne to settle. In winter 
and immediately after a snowfallldrift event the density is lower. Usually, heavy 
accumulation means less windpacked snow, which was already observed at 
Maudheim (Swithinbank, 1957). Therefore for the calculation of the accumulation 
rate a density of 0.33 glcm3 was assumed, a value, which is also often found in the 
literatur (e.g. Hoinkes, 1962). 
The time period taken as one year in the core might be different from the period for 
which the yearly accumulation was calculated using the stakes. At least the 
0 500 
cond. in pS/cm 
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Fig. 4.3: Shallow firn core FB0189, Neumayer, December 1989 (Construction site) 
cumulative or the mean accumulation over the whole period which is covered by 
the core should equal the accumulation at the stake array, but again the problem 
with the dating of the lowest Part of the core occurs. For the years 1981 - 1988, for 
Fig. 4.4: Comparison of pit (1980) to core (1982) at GvN 
(from Reinwarth et al., 1985) 
which both core and stake data are available, the core data yield a mean accumulation 
rate of 274 mrnlyr, the stake data (assuming a density of 0.33 glcm3) 270 mm/yr. 
This means, the agreement between the GvN stake measurements and the Neumayer 
core measurements is very good considering the uncertainties of both measurements. 
(Obviously, the quality of the agreement depends mainly On the assumption for the 
density. The accumulation rate at GvN might be even slightly higher than at 
Neumayer, since the assumption for the Snow density was at the lower limit.) This 
leeds to the conclusion that the higher values observed at the stake array Neumayer 
after the constmction of the new base must be due to the influence of the station 
itself. This influence should have been damped out after a few yeass, since the 
station was close to the level of the surrounding surface already after three yeass, 
and the largest sastmgi are built up to the West of the building, whereas the area of 
the stake array, 1km south of the base, should be influenced only very weakly. 
The stake measurements at GvN and at Neumayer are generally well correlated, we 
can thus consider the series of stake measurements as homogeneous, except for the 
few years immediately after the new base was built. But it should be kept in  mind, 
especially when lookmg at the temporal accumulation distribution later on, that the 
accumulation rates at the new base might be generally slightly lower than a t  GvN. 
4.2 Direct comparison of Snow pits and cores 
Unfortunately, samples from Snow pits dug at the same time and the same site where 
cores were taken are rare. Sometimes cores were taken from the bottom of Snow 
pits, but really parallel measurements of core and pit samples are available only for 
two cases, in April 1987 at GvN, and in December 1989 at the construction site for 
Neumayer. These measurements can only give a hint to the quality of the 
measurements andlor the spatial homogeneity of the snow pack, since no isotope 
analysis were carsied out, we only have a few conductivity and densily measurements. 
The density values in snow pit and core differ between 0.00 and 0.06gIcm; the 
measurements of the electrolytical conductivity also agree fairly well. A better 
possibility for a comparison is provided by a snow pit dug in 1980 and a firn core 
taken in 1982 at GvN. Fig. 4.4 shows the 1 8 0  content in the snow pit and in the 
uppermost part On the ice core. The depth axes of the 1980 curve (right) has been 
deformed to take into account the compaction of the Snow pack due to settling, and 
the 1 8 0  profile has been superimposed on the 1980 profile (left) (Fig. 6 from 
Reinwarth et al., 1985). Both curves agree surprisingly well. 
4.3 Comparison of stake measurements to snow pits 
In order to get a feeling for the accuracy of the Snow pits they are compared to the 
stake rneasurements. Tab. 4.1 shows accumulation values derived from several snow 
pits and from the stake array for the same time periods. The dating of these snow 
pits was done using mainly the snow stratigraphy. As mentioned in Chapter 4.1 an 
assumption for snow density has to be made for the calculation of water equivalent 
of accumulation at the stake array. Generally, the agreement between stake and pit 
measurements is satisfactory using density values between 0.33 glcm3 and 0.4 gl 
cm3. Since surface snow density measurements are laclung, it is not possible to 
determine the accumulation at the stake array more exactly. 
However, the stake measurements are very helpful when doubts in dating of pits 
occur, and the combination of pit and stake measurements gives reliable values for 
the accumulation rates. 
Tab.4.1: Comparison of stake measurements and snow pits 
4.4 Comparison of cores and stake measurements 
960 1970 1980 1990 2000 
year 
Fig. 4.5: Accumulation rates (5-year running means) derived from four different cores 
and from stake measurements at GvN and Neumayer, respectively 
The cores so far available Cover the time period 1962 - 1996. However, there is no 
single core covering the whole period. The longest core gives information about 18 
years. 
Fig. 4.5 shows the accumulation rates derived from four different cores and from 
the stake m a y s  at GvN and Neumayer, respectively. The agreement between the 
curves is by no means satisfactory. This shows that it is impossible to determine the 
acc~~mulation rate from a single core or for a single year. Dating problems and 
inhomogeneities in the snow pack can lead to considerable errors. The agreement 
should be better, if we calculate the mean value for comparable periods of several 
cores, which is done in Tab. 4.2. 
Tab. 4.2: Mean accumulation rates (mm w.e.1a) derived from different cores for 
comparable time periods 
c o r e  AB01 1 fbgvn 1 E002 1 fb0189 1 fb0192 1 fb0595 1 Stakes GvN 1 
As expected, the agreement between different cores is much better here. But it 
should be emphasized, that in an area like Ekstromisen, where wind influence is 
strong and dating using isotope stratigraphy can be uncertain, long-term and repeated 
measurements are necessary to get reliable results. 
5. TEMPORAL VARIATIONS AND SPATIAL DISTRI- 
BUTION OF ACCUMULATION 
5.1 Spatial distribution of accumulation 
In Chapter 4 we already compared the accumulation rates of GvN and Neumayer, 
which, lying about 7 km apart, are quite similar. Now we Want to extend our 
investigation to larger distances from the base. 
Between GvN and the ice edge no long term accumulation measurements exist, but 
during the first years some stake measurements were carried out. Towards the coast 
the accumulation decreases considerably, on the last 1-2 km ablation due to wind 
erosion is observed. 
In 1987188 the three stake mays  N, W, and 15km S were run, only the measurements 
at 15km S have been continued until today. Fig. 5.1 shows the accumulation measured 
at the different stake arrays during the overwintering year 1987. To avoid problems 
with density assumptions the accumulation in cm Snow is plotted here. 
- -  Array West 
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 
1987 1988 
Fig. 5.1: Cumulative accumulation at stake arrays North, West, South and GvN 
(Sturm, pers. comm.) 
Generally, the curves are quite similar, the one from GvN is not as smooth as the 
other three, because the stakes were measured more frequently here. The stake array 
North seems to have the smallest accumulation rate (probably due to the proximity 
of the coast), but it is dangerous to draw conclusions from only one year of 
measurements. Thus we can only say, that there are no remarkable differences 
between these four stake arrays. 
During the EkstrÃ¶ Traverse a N-S-profile of accumulation along EkstrÃ¶mise 
was measured. Fig. 5.2 shows the accumulation rates derived from snow pits and 
shallow firn cores between Neumayer and the grounding line (see also Reinwarth 
and Mosel-, 1990). 
distance from GvN (km) 
Fig. 5.2: Acc~~mulation rates along the EkstrÃ¶m-Travers (after Reinwarth et al., 1990) 
The accumulation rates decrease towards the South, probably due to increasing 
continentality of the climate, only the core at km 90 yields a relatively high 
accumulation. It is not possible to explain this high value topographically. But since 
according to Reinwarth and Moser (1990) the accuracy of the measurement is not 
better than Â 60 mm w.e. and besides stake measurements show, that the spatial 
variability of accumulation ist extremely high in this area, we can say that a general 
decrease of accumulation between GvN and the grounding line is found. 
For the sake of completeness, also the accumulation at Halvfarryggen and S ~ r i s e n  
should be mentioned here, although they do not belong to the ice shelf itself. 
At SGrAsen the mean accumulation rate is 208 cm snowla, which is surprisingly 
high compared to Halvfarryggen, where less than 30% of this value (1990-96: 56cm 
snowla) is reached. T17 Olymp station lies not exactly on top of SGriisen, but on the 
northeastern slope in a slight depression, which is not recognizable for the unaided 
eye. But measurements along a line from below the station to the top have shown, 
that the geophysicists set up their station exactly in an area with a local maximum 
1960 1970 1980 1990 2000 
year 
Fig. 5.3: Mean and 5-year-running mean of accumulation rates derived from stake 
measurements and five different cores (cf. Fig. 4.5, + E002) taken at GvN and Neun~ayer 
of accumulation. 
Watzmann station on Halvfarryggen is probably more representative for the 
accumulation on the ridges surrounding EkstrÃ¶misen 
5.2 Temporal variations of accumulation 
Fig. 5.3 shows the mean and 5-year running mean of the accumulation rate derived 
from stake measurements and five different cores taken at GvN and Neumayer. 
The most striking feature is, that since the late 1970s the accumulation has been 
decreasing continuously. This is surprising, since from most other parts of Antarctica 
increasing accumulation rates are reported. According to Peel(1992) ice core data 
from the Antarctic Peninsula yield an increase in accumulation since 1950 (see also 
Peel and Mulvaney, 1988). The Peninsula represents an area, which is sensitive to 
environmental change and should be one of the first places to give an indication of 
trends possibly influencing the rest of the Antarctic ice sheet (Doake, 1982). 
However, also in Wilkes Land, East Antarctica, accumulation rates have been 
increasing since about 1960 (Morgan et al. 1991). 
Isaksson and others (1996) are the only who also found decreasing accumulation 
rates during the SWEDARP expedition at Riiser-Larsen Ice Shelf and Ritscherflya, 
southeast of the area investigated in this study. Fig. 5.4 shows the 7-year-running 
mean of accumulation derived from a core at Ritscherflya at 73O36'S 1 12O26'W 
(Isaksson and Karlen, 1994). Like at Neumayer, the relatively strong decrease in 
accumulation since about 1976 is striking. Six other cores from Riiser-Larsen Ice 
Shelf und Ritscherflya show similar results. 

6. CONCLUSION 
Since the austral summer 1979/1980 accumulation studies have been carried out at 
EkstrÃ¶misen Dronning Maud Land, where the German overwintering station 
,Neumayer" is situated. Continuous stake measurements are accompanied by snow 
pit studies and drilling of shallow firn cores in the vicinity of the base, at two 
geophysical Stations on the hills surrounding the ice shelf, and along a traverse 
down to the grounding line. Visual stratigraphy, measurements of isotopes ( 1 x 0 ,  
3H) ,  and electrolytical conductivity were used for dating of the cores and thus 
determination of accumulation rates. 
The mean accumulation rate from 1981-1996 derived from stake measurements, 
Snow pits, and firn cores at Neumayer is 287 mm w.e./a. 
A gradual decrease of accumulation towards the grounding line is observed, as well 
as a decrease towards the coast, immediately at the ice shelf edge even net ablation 
due to wind erosion is found. 
The spatial and temporal variability of accumulation is fairly high, nevertheless a 
decrease in accumulation rates has been observed during the last 20 years. This is 
contradictofy to observations in many other parts of Antarctica, where increasing 
accumulation rates are found. 
Swedish studies at Riiser-Larsen Ice Shelf and Rytscherflya (about 300 km southeast 
of EkstrÃ¶misen also yielded decreasing accumulation, which confirms our results. 
Increasing accumulation rates, which are commonly connected to climatic wasming, 
are thus not an Antarctic-wide phenomenon. 
However, accumulation is only one Part of the mass balance, namely that Part, which 
reacts first to a possible climate change. It is beyond the scope of this study to relate 
the observed decrease in accumulation to meteorological data. 
To decide whether the small drainage basin EkstrÃ¶mise belongs to is in balance 
with the present climate, further studies are needed, especially more mass balance 
studies On the grounded ice (Ritscherflya, Maudheimvidda) including ice flow 
investigations, as well as measurements of ice shelf rnelting at the bottom and the 
front. First measurements of bottom melting have been carried out by Nixdorf 
(Nixdorf et al., 1994, Lambrecht et al., 1995). More information about mass balance 
On the ice sheet will come from the ice cores taken during the EPICA pre-site survey 
expeditions. 
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APPENDIX B 
Snow pits 
In Appendix B and C the complete data sets for the Snow pits and shallow firn 
cores are given. Additionally the most important variables are plotted. The visual 
stratigraphy is shown in a simplified way, since there are only minor variations in 
the type of snow (grain size and form), except for distinct layers or lenses of ice 
or depth hoar layers, which can be found in the graphs as black bars and as the 
symbol "A A A A A A A", respectively. 
The data sets begin with Information about: 
Location 
Coordinates 
Date of sampling 
Depth of pit/core 
Label 
Abbreviations in the tables: 
2~ : deuterium content 
*O : oxygen- 18 content 
d : deuterium excess 
'H : tritium content 
OC'H) : standard deviation of 3~ 
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Shallow firn core B03, Georg-von-Neumayer Station, January 1982 
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Shallow firn core. E002. EkstrÃ¶m-Traverse km 02, 1986187 
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List of wintering meteorologists 
Friedl Obleitner 
Gert KÃ¶ni / Josef Kipfstuhl 
Hans-JÃ¼rge Belitz I Hans-Ulrich Stuckenberg 
Reinhard Beyes 1 Joachim Sch~ig 
Peter Wachs 1 Bernd Wortmann 
Kar1 Bumke I Andreas Lobe 
Andreas Lobe / Klaus Sturm 
Heinrich Strunk I Guido Wolz 
Rudolf Mair I Karl-Heinz Pfaff 
Elisabeth Schlosser 1 Ulrike Wyputta 
Paul Rainer 1 Stephan Weber 
Chsistoph Kleefeld I Harald Rentsch 
JÃ¶r Hofmann I Uwe Terzenbach 
Jens Fickert / Valeri Goldberg 
Stephan Hofinger I Torsten Schmidt 
Martin Arck /Anke Schmidt 
T/7ruzkLs are d~ l e  to oll otlzer wmteiwg colleugues, who helped tlze nzeteorolopsts 
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the Southern Ocean" by Uwe Piatkowski 
Heft Nr. 2311985 - Ã£Untersuchunge zur Funktionsmorphologie und Nahrungsaufnahme der Larven 
des Antarktischen Krills Euphausia superba Dana" von Hans-Peter Marschall 
Heft Nr: 2411985 - Ã£Untersuchunge zum Periglazial auf der Konig-Georg-Insel Sudshetlandinseln/ 
Antarktika. Deutsche physiogeographische Forschungewn der Antarktis. - Bericht uber die Kampagne 
1983/84" von Dietrich Barsch, Wolf-Oieter Blumel, Wolfganq Flugel, Roland Mausbacher, Gerhard 
Stablein, Wolfganq Zick 
* Heft-Nr. 2511985 - ,,Die Ex edition ANTARKTIS 111 mit FS ,Polarstern' 198411985" 
herausgegeben von ~ o t t h i l f ~ e m D e l .  
'Heft-Nr. 2611985 - "The Southern Å¸cean" A survey of oceanographic and marine rneteorological 
research work by Hellmer et al 
Heft Nr. 2711986 - , Spatpleistozane Sedimentationsprozesse am antarktischen Kontinentalhang 
vor Kapp Norvegia, ostliche Weddell-See" von Hannes Grobe 
Heft Nr. 2811986 - .,Die Expedition ARKTIS 1 1 1  mit ,Polarstern' 1985'' 
mit Beitragen der Fahrtteilnehmer, herausgegeben von Rainer Gersonde 
* Heft Nr. 2911986 - ,.5 Jahre Schwerpunktprogramm ,AntarktisforschungC 
der Deutschen Forschungsgemeinschaft." Ruckblick und Ausblick. 
Zusammengestellt von Gotthilf Hempel, Sprecher des Schwerpunktprogramms 
Heft Nr. 3011986 - "The Meteorological Data of the Georg-von-Neumayer-Station for 1981 and 1982" 
by Marianne Gube and Friedrich Obleitner 
Heft Nr. 3111986 - -Zur Biologie der Jugendstadien der Notothenioidei (Pisces) an der 
Antarktischen Halbinsel" von A. Kellermann 
Heft Nr. 3211986 - .,Die Expedition ANTARKTIS IV mit FS ,Polarsterns 1985/86" 
mit Beitragen der Fahrtteilnehmer, herausgegeben von Dieter Futterer 
Heft Nr. 3311987 - -Die Expedition ANTARKTIS-IV mit FS ,Polarstern' 1985/86 - 
Bericht zu den Fahrtabschnitten ANT-IVi3-4" von Dieter Karl Futterer 
Heft Nr. 3411987 - ,,Zoogeographische Untersuchungen und Gemeinschaftsanalysen 
an antarktischem Makroplankton" von U Piatkowski 
Heft Nr. 35/1987 - ,,Zur Verbreitung des Meso- und Makrozooplanktons in Oberflachenwasser 
der Weddell See (Antarktis)" von E. Boysen-Ennen 
Heft Nr. 3611987 - ,,Zur Nahrungs- und Bewegungsphysiologie von Sa/pa thompsoniund Sa/pa fusiformis" 
von M. Reinke 
Heft Nr. 3711987 - "The Eastern Weddell Sea Drifting Buoy Data Set of the Winter Weddell Sea Project 
(WWSP)" 1986 by Heinrich Hoeber und Marianne Gube-Lehnhardt 
Heft Nr. 3811987 - "The Meteorological Data of the Georg von Neumayer Station for 1983 and 1984" 
by M .  Gube-Lenhardt 
Heft Nr. 3911987 - Ã£Di Winter-Expedition mit FS ,Polarstern' in die Antarktis (ANT V/?-3)" 
herausgegeben von Sigrid Schnack-Schiel 
Heft Nr. 4011987 - "Weather and Synoptic Situation during Winter Weddell Sea Project 1986 (ANT V/2) 
July 16-September 10, 1986" by Werner Rabe 
Heft Nr. 4111988 - -Zur Verbreitung und okologie der Seegurken im Weddellmeer (Antarktis)" von Julian Gutt 
Heft Nr. 42,1988 - "The zooplankton community in the deep bathyal and abyssal zones 
of the eastern North Atlantic" by Werner Beckmann 
Heft Nr. 4311988 - "Scientific cruise report of Arctic Expedition ARK IV/3" 
Wissenschaftlicher Fahrtbericht der Arktis-Expedition ARK IV/3, cornpiled by JÃ¶r Thiede 
Heft Nr. 4411988 - "Data Report for FV 'Polarstern' Cruise ARK IV11, 1987 t o  the Arctic and Polar Fronts" 
by Hans-JÃ¼rge Hirche 
Heft Nr. 4511988 - Ã£Zoogeographi und Gemeinschaftsanalyse des Makrozoobenthos des Weddellrneeres 
(Antarktis)" von Joachim VoÃ 
Heft Nr. 4611988 - "Meteorological and Oceanographic Data of the Winter-Weddell-Sea Project 1986 
(ANT V/3)" by Eberhard Fahrbach 
Heft Nr. 4711988 - ,,Verteilung und Herkunft glazial-mariner GerÃ¶ll am Antarktischen Kontinentalrand 
des Ã¶stliche Weddellrneeres" von Wolfgang Oskierski 
Heft Nr. 4811988 - ,,Variationen des Erdmagnetfeldes an der GvN-Station" von Arnold Brodscholl 
* Heft Nr. 4911988 - -Zur Bedeutung der Lipide im antarktischen Zooplankton" von Wilhelm Hagen 
Heft Nr. 50/1988 - ,,Die gezeitenbedingte Dynamik des Ekstrorn-Schelfeises, Antarktis" von Wolfgang Kobarg 
Heft Nr. 51/1988 - ,,Okomorphologie nototheniider Fische aus dem Weddellmeer. Antarktis" von Werner â‚¬k 
Heft Nr. 5211988 - ,,Zusammensetzung der Bodenfauna in der westlichen Fram-StraÃŸe' 
von Dieter Piepenburg 
* Heft Nr. 5311988 - ,,Untersuchungen zur Ã–kologi des Phytoplanktons im sudostltchen Weddellmeer 
(Antarktis) im Jan./Febr. 1985" von Eva-Maria Nothig 
Heft Nr. 5411988 - ,,Die Fischfauna des ostlichen und sudlichen Weddellmeeres. 
geographische Verbreitung, Nahrung und trophische Stellung der Fischarten" von Wiebke Schwarzbach 
Heft Nr. 5511988 - "Weight and length data of zooplankton in the Weddell Sea 
in austral spring 1986 (Ant V/3)" by Elke Mizdalski 
Heft Nr. 5611989 - "Scientific cruise report of Arctic expeditions ARK IV11, 2 & 3" 
by G. Krause, J. Meincke und J. Thiede 
Heft Nr. 5711989 - Die Expedition ANTARKTIS V mit FS Polarstern' 1986/87 
Bericht von den Fahrtabschnitten ANT Vl4-5 von H Miller und H Oerter 
* Heft Nr. 5811989 - Die Expedition ANTARKTIS VI mit FS Polarstern' 1987188 
von D K Futterer 
Heft Nr. 5911989 - ,Die Expedition ARKTIS V/ la 1 b und 2 mit FS Polarstern' 1988 
von M Spindler 
Heft Nr. 60/1989 - Ein zweidimensionales Modell zi r thermohalinen Zirkulation unter dem Schelfeis 
von H H Hellmer 
Heft Nr. 6111989 - Die Vulkanite im westlichen und mittleren Neuschwabeniand, 
Vestfjella und Ahlmannryggen, Antarktika von M Peters 
* Heft-Nr. 62/1989 - 'The Expedition ANTARKTIS Vll/1 and 2 (EPOS I) of RV Polarstern' 
in 1988/89" by l Hempel 
Heft Nr. 63/1989 - Die Eisalgenflora des Weddellmeeres (Antarktis) Artenzusammensetzung und Biomasse 
sowie Okophysiologie ausgewahlter Arten von Annette Bartsch 
Heft Nr. 6411989 - Meteorological Data of the G -V -Neumayer-Station (Antarctica) by L Helmes 
Heft Nr. 65/1989 - Expedition Antarktis Vlll3 in 1988/89 by l Hempel P H Schalk V Smetacek 
Heft Nr. 66/1989 - ,Geomorphologisch-glaziologische Detailkartierung 
des arid-hochpolaren Borgmassivet Neuschwabenland, Antarktika von Karsten Brunk 
Heft-Nr. 67fi990 - ,Identification key and catalogue of larval Antarctic fishes" 
edited by Adolf Kellermann 
Heft-Nr. 68/1990 - Jhe Expediton Antarktis Vlll4 (Epos leg 3) and V1115 of RV 'Polarstern' in 1989" 
edited by W Arntz W Ernst, l Hempel 
Heft-Nr. 69/1990 - ,Abhangigkeiten elastischer und rheologischer Eigenschaften des Meereises vom 
Eisgefuge", von Harald Hellmann 
Heft-Nr. 70/1990 - Die beschalten benthischen Mollusken (Gastropoda und Bivalvia) des 
Weddellmeeres Antarktis", von Stefan Hain 
Heft-Nr. 71/1990 - ,Sedimentologie und Palaomagnetik an Sedimenten der Maudkuppe (Nordostliches 
Weddellmeer)" von Dieter Cordes 
Heft-Nr. 724990 - Ã£Distributio and abundante of planktonic copepods (Crustacea) in the Weddell Sea 
in summer 1980/81", by F Kurbjeweit and S All Khan 
Heft-Nr. 73/1990 - Ã£Zu Fruhdiagenese von organischem Kohlenstoff und Opal in Sedimenten des sudlichen 
und ostlichen Weddellmeeres", von M Schluter 
Heft-Nr. 7411990 - Ã£Expeditione ANTARKTIS Vlll/3 und Vlll/4 mit FS ,Polarstern' 1989" 
von Rainer Gersonde und Gotthilf Hempel 
Heft-Nr. 7511991 - ,,Quartare Sedimentationsprozesse am Kontinentalhang des Sud-Orkey-Plateaus im 
nordwestlichen Weddellmeer (Antarktis)", von Sigrun Grunig 
Heft-Nr. 76/1990 -,,Ergebnisse der faunistischen Arbeiten im Benthal von King George Island 
(Sudshetlandinseln, Antarktis)" von Martin Rauschert 
Heft-Nr. 7711990 - ,Verteilung von Mikroplankton-Organismen nordwestlich der Antarktischen Halbinsel 
unter dem EinfluÃ sich andernder Umweltbedingungen im Herbst", von Heinz Kloser 
Heft-Nr. 78/1991 - ,Hochauflosende Magnetostratigraphie spatquartarer Sedimente arktischer 
Meeresgebiete von Norbert R Nowaczyk 
Heft-Nr. 79/1991 Okooh~%iolo~]isi hc Jnt~rsuchungen zur Salinitats und Temperaturtoleranz 
antarktischer Gr~rialqpr i' !,P I- 4~rucksichtigung des Ã Dimethylsulfoniumpropionat 
(DMSP) Stof tw~f hscl , ' 
Heft-Nr. 80/1991 L X ,  1 1 1  ' mit FS Polarstern 1990 
herausgegebpr U I #  J 1 * *  , * 4 b  > < G  pei 
Heft-Nr 8111991 Palaoqldz o oq f , I > Å  Pdlaozeanographie im Spat~uar tar  am Kontinentalrand cjes 
sudlichen Weddellneeres A t r i ~ k t  o r  Mdrtin Melles 
Heft-Nr 82/1991 Quantifizierunq i'on Meereseigenschaften Automatische Bildanalyse von 
Dunnschnitten und paranetrisierung von Chlorophyll und Salzgehaltsverteilungen von Hajo Eicken 
Heft-Nr. 8311991 - Das FlieÂ§e von Schelfeisen numerische Simulationen 
mit der Methode der finiten Differenzen von Jurgen Determann 
Heft-Nr. 8411991 - , Die Expedition ANTARKTIS V l l l ~ l  2 1989 mit der Winter Weddell Gyre Study 
der Forschungsschiffe Polarstern und Akademik Fedorov von Ernst Augstein 
Nikolai Bagriantsev und Hans Werner Schenke 
Heft-Nr. 8511991 - ,,Zur Entstehung von Unterwassereis und das Wachstum und die Energiebilanz 
des Meereises in der Atka Bucht Antarktis", von Josef Kipfstuhl 
Heft-Nr. 86/1991 - ,,Die Expedition ANTARKTIS-VIII mit ,,FS Polarstern" 1989/90 Bericht vom 
Fahrtabschnitt ANT-VIIi / 5 "  von Heinz Miller und Hans Oerter 
Heft-Nr. 8711991 -"Scientific cruise reports of Arctic expeditions ARK VI 1 1-4 of RV "Polarstern" 
in 1989"  edited by G Krause, J Meincke & H J Schwarz 
Heft-Nr. 8811991 - ,,Zur Lebensgeschichte dominanter Copepodenarten (Calanus finmarchicus, 
C glacialis, C hyperboreus, Metridia longa) in der FramstraÃŸe" von Sabine Diel 
Heft-Nr. 8911991 - ,,Detaillierte seismische Untersuchungen am Ã¶stliche Kontinentalrand 
des Weddell-Meeres vor Kapp Norvegia, Antarktis", von Norbert E. Kaul 
Heft-Nr. 90/1991 - -Die Expedition ANTARKTIS-VIII mit FS Ã£Polarstern 1989/90. 
Bericht von den Fahrtabschnitten ANT-VIII/6-7", herausgegeben von Dieter Karl FÃ¼ttere 
und Otto Schrems 
Heft-Nr. 9111991 - "Blood physiology and ecological consequences in Weddell Sea fishes (Antarctica)", 
by Andreas Kunzmann 
Heft-Nr. 92/1991 - ,,Zur sommerlichen Verteilung des Mesozooplanktons im Nansen-Becken, 
Nordpolarmeer", von Nicolai Mumm 
Heft-Nr. 93/1991 -,,Die Expedition ARKTIS VII mit FS ,,PolarsternM, 1990. 
Bericht vom Fahrtabschnitt ARK VII/2", herausgegeben von Gunther Krause 
Heft-Nr. 9411991 - ,,Die Entwicklung des Phytoplanktons im Ã¶stliche Weddellmeer (Antarktis) 
beim Ubergang vom SpÃ¤twinte zum FrÃ¼hjahr" von Renate Scharek 
Heft-Nr. 9511991 -,,,Radioisotopenstratigraphie, Sedimentologie und Geochemie jungquartÃ¤re 
Sedimente des ostlichen Arktischen Ozeans", von Horst Bohrmann 
Heft-Nr. 96/1991 - , HolozÃ¤n Sedimentationsentwicklung im Scoresby Sund, Ost-GrÃ¶nland" 
von Peter ~ar ienfe ld 
Heft-Nr. 97/1991 - ,,Strukturelle Entwicklun und AbkÃ¼hlungsgeschicht der Heimefrontfjella (Westliches Dronning Maud ~and/~ntarktikay', von Joachim Jacobs 
Heft-Nr. 9811991 - ,,Zur Besiedlungsgeschichte des antarktischen Schelfes am Beispiel der 
Isopoda (Crustacea, Malacostraca) , von Angelika Brandt 
Heft-Nr. 99/1992 - "The Antarctic ice sheet and environmental Change: a three-dimensional 
modelling study", by Philippe Huybrechts 
Heft-Nr. 10011992 - Die Expeditionen ANTARKTIS IX/1-4 des Forschungsschiffes ,,Polarsternu 
1990/9lW heraus e eben von Ulrich Bathmann, Meinhard Schulz-Baldes, 
~berhard'~ahrbach,%ictor Smetacek und Hans-Wolfgang Hubberten 
Heft-Nr. 101/1992 - ,Wechselbeziehun en zwischen Schwermetallkonzentrationen 
Cd, Cu, Pb Zn im ldeewasser und in &oplanktonorganismen (Copepoda) der 
r k t i s  und des Atlantiks", von Christa Pohl 
Heft-Nr. 10211992 - ,,Physiologie und Ultrastruktur der antarktischen GrÃ¼nalg 
Prasiola crispa ssp. antarctica unter osmotischem StreÃ und Austrocknung", von Andreas Jacob 
Heft-Nr. 103/1992 - ,,Zur Ã–kologi der Fische im Weddelmeer", von Gerd Hubold 
Heft-Nr. 104/1992 - ,,Mehrkanali e adaptive Filter fÃ¼ die UnterdrÃ¼ckun von multiplen Reflexionen 
in Verbindung mit der freien oberflÃ¤ch in marinen Seismogrammen", von Andreas Rosenberger 
Heft-Nr. 105/1992 - ,,Radiation and Eddy Flux Experiment 1991 (REFLEX I)", von JÃ¶r Hartmann, Christoph Kottmeier und Christian Wamser 
Heft-Nr. 10611992 - ,,Ostracoden im E ipela ial vor der Antarktischen Halbinsel - ein Beitrag zur, 
Systematik sowie zur Verbreitung und Populaiionsstruktur unter Berucksichtigung der Saisonalitat", 
von Rudiger Kock 
Heft-Nr. 107/1992 - ,,ARCTIC '91: Die Expedition ARK-VIII/3 mit FS ,,Polarstern" 1991", 
von Dieter K. FÃ¼ttere 
Heft-Nr. 10811992 - ,,Dehnungsbeben an einer StÃ¶rungszon im EkstrÃ¶m-Schelfei nÃ¶rdlic der 
Georg-von-Neumayer Station, Antarktis. - Eine Untersuchung mit seismologischen und geodÃ¤tische 
Methoden", von Uwe Nixdorf. 
Heft-Nr. 10911992 - ,,S Ã¤tquartÃ¤ Sedimentation am Kontinentalrand des sÃ¼dÃ¶stlich 
Weddellmeeres, ~n ta rk ts " ,  von Michael Weber. 
Heft-Nr. 110/1992 - ,,Sedimentfazies und Bodenwasserstrom am Kontinentalhang des 
nordwestlichen Weddellmeeres". von Isa Brehme. 
Heft-Nr. 111/1992 - -Die Lebensbedingungen in den Solekanalchen des antarktischen Meereises", 
von Jurgen Weissenberger. 
Heft-Nr. 112/1992 - Zur Taxonomie von rezenten benthtsche" F oraminiferen aus dem 
Nansen Becken, ~rkt ischer Ozean". von Jutta Wollenburq 
Heft-Nr. 11311992 - .Die Expedition ARKTIS Vlllil mit FS " t 3 o i , v ~ , ; ~ ! ~ -  1991". 
herausgegeben von kerhard Kattner 
* Heft-Nr. 11411992 - ,,Die Grundunqsphase deutscher Polarfnrschuria 1865-1875". 
von Reinhard A Krause 
Heft-Nr. 11511992 - .,Scient!fic Cruise Re ort of the 1991 Arctic Expedition ARK Vllli2 
of RV "Polarstern" (E- !I) . by Eike ~ a c g o r .  
Heft-Nr. 116/1992 - ,,The Meteorolo ical Data of the Georg-von-Neumayer-Station (Antarctica) 
for 1988, 1989,1990 and 1991", by Zert KGnig-Langlo. 
Heft-Nr. 117/1992 - , Petro enese des metamorphen Grundgebirges der zentralen Heimefrontfjella (westliches Dronning h a u d i a n d  / Antarktis)", von Peter Schulze. 
Heft-Nr. 118/1993 - ,,Die mafischen GÃ¤n,g der Shackleton Range / Antarktika: Petrographie, 
Geochemie, Isotopengeochemie und Palaomagnetik", von Rudiger Hotten. 
* Heft-Nr. 11911993 - ,,Gefrierschutz bei Fischen der Polarmeere", von Andreas P.A. WÃ¶hrmann 
* Heft-Nr. 12011993 - ,,Fast Siberian Arctic Re ion Ex edition '92: The Laptev Sea - its Significance for 
Arctic Sea-lce Formation and Transpolar secfment &U$', by D. Dethleff, D NÃ¼rnberg E. Reimnitz, 
M. Saarso and Y. P. Sacchenko. - Expedition to Novaja Zemlja and Franz Josef Land with 
RV.'Dalnie Zelentsy"', by D. ~ Ã ¼ r n b g r  and E. Groth. 
* Heft-Nr. 121/1993 - ,,Die Expedition ANTARKTIS W3 mit FS 'Polarstern' 1992", herausgegeben von 
Michael Spindler, Gerhard Dieckmann und David Thomas. 
Heft-Nr. 122/1993 - ,,Die Beschreibung der Korngestalt mit Hilfe der Fourier-Analyse: Parametrisierung 
der morphologischen Eigenschaften von Sedimentpartikeln", von Michael Diepenbroek. 
* Heft-Nr. 123/1993 - ,,ZerstÃ–rungsfrei hochauflÃ¶send Dichteuntersuchungen mariner Sedimente", 
von Sebastian Gerland. 
Heft-Nr. 124/1993 - ,,Umsatz und Verteilung von Li iden in arktischen marinen Organismen unter 
besonderer BerÃ¼cksichtigun unterer trophischer stufen", von Martin Graeve. 
Heft-Nr. 125/1993 - ,Ã–kologi und Respiration ausgewÃ¤hlte arktischer Bodenfischarten", 
von Christian F. von borrien. 
Heft-Nr. 126/1993 -,,Quantitative Bestimmung von PalÃ¤oumweltpara,me~er des Antarktischen 
OberflÃ¤chenwasser im SpÃ¤tquartÃ anhand von Transferfunktionen mit Diatomeen", von Ulrich Zielinski 
Heft-Nr. 127/1993 - ,,Sedirnenttransport durch das arktische Meereis: Die rezente lithogene 
und biogene Materialfracht", von Ingo Wollenburg. 
Heft-Nr. 128/1993 - ,,Cruise ANTARKTIS W3 of RV 'Polarstern': CTD-Report", von Marek Zwierz. 
Heft-Nr. 129/1993 - Reproduktion und Lebenszyklen dominanter Copepodenarten aus dem 
Weddellmeer, ~ntarktfs", von Frank Kurbjeweit 
Heft-Nr. 130/1993 - , Untersuchungen zu Ternperaturregrne und Massenhaushalt des 
~ilchner-~onne-schelfeises, Antarktis, unter besonderer erucksichtigung von Anfrier- und 
Abschrnelzprozessen", von Klaus Grosfeld 
Heft-Nr. 131/1993 - ,,Die Expedition ANTARKTIS X/!? mit FS 'Polarstern' 1992", 
herausgegeben von Rainer Gersonde 
Heft-Nr. 132/1993 - ,,Bildung und Ab abe kurzkettiger halogenierter Kohlenwasserstoffe durch 
Makroalgen der Polarregionen", von zank Laturnus 
Heft-Nr. 133/1994 - "Radiation and Eddy Flux Experiment 1993 REFLEX /I ", 
by Christoph Kottmeier, JÃ¶r Hartmann, Christian Wamser, Axel Bochert, Jhristof LÃ¼pkes 
Dietmar Freese and Wolfgang Cohrs 
* Heft-Nr. 134/1994 - "The Expedition ARKTIS-IWl", edited by Hajo Eicken and Jens Meincke 
Heft-Nr. 135/1994 ,,Die Expeditionen ANTARKTIS W6-8", herausgegeben von Ulrich Bathmann, 
Victor Smetacek, Hein de Baar, Eberhard Fahrbach und Gunter Krause 
Heft-Nr. 136/1994 - ,,Untersuchungen zur ErnÃ¤hrungsÃ¶kolog von Kaiserpinguinen (Aptenodytes forsten) 
und KÃ¶nigspinguine (Aptenodytes patagonicus)", von Klemens PÃ¼t 
* Heft-Nr. 137/1994 - ,,Die kÃ¤nozoisch Vereisungsgeschichte der Antarktis", von Werner U. Ehrmann 
Heft-Nr. 138/1994 - ,,Untersuchun en stratosphÃ¤rische Aerosole vulkanischen Urs rungs und polarer 
stratosphÃ¤rische Wolken mit einem%ehrwellenlÃ¤ngen-~ida auf Spitzbergen (79 N, 12Â¡~)" 
von Georg Beyerle 
Heft-Nr. 139/1994 - ,,Charakterisierung der Isopodenfauna (Crustacea, Malacostraca) 
des Scotia-Bogens aus biogeographischer Sicht: Ein multivariater Ansatz", von Holger Winkler. 
Heft-Nr. 140/1994 - ,Die Expedition ANTARKTIS X/4 mit FS 'Polarstern' 1992", 
herausgegeben von F"eter Lemke 
Heft-Nr. 141/1994 - ,,Satellitenaltimetrie Ã¼be Eis - Anwendung des GEOSAT-Altimeters Ã¼be dem 
EkstrÃ¶misen Antarktis", von Clemens Heidland 
Heft-Nr. 142/1994 - "The 1993 Northeast Water Expedition. Scientific cruise report of RV'Polarstern' 
Arctic cruises ARK IW2 and 3, USCG 'Polar Bear' cruise NEWP and the NEWLand expedition", 
edited by Hans-Jurgen Hirche and Gerhard Kattner 
Heft-Nr. 143/1994 - ,,Detaillierte refraktionsseismische Untersuchungen im inneren Scoresby Sund 
Ost-GrÃ¶nland" von Notker Fechner 
Heft-Nr. 144/1994 - ,,Russian-German Cooperation in the Siberian Shelf Seas: Geo-System 
Laptev Sea", edited by Heidemarie Kassens, Hans-Wolfgang Hubberten, Sergey M. Pryamikov 
und RÃ¼dige Stein 
+ Heft-Nr. 145/1994 - ,,The 1993 Northeast Water Expedition. Data Report of RV 'Polarstern' 
Arctic Cruises 1x12 and 3", edited by Gerhard Kattner and Hans-JÃ¼rge Hirche. 
Heft-Nr. 146/1994 - "Radiation Measurements at the German Antarctic Station Neumayer 
1982-1 992", by Torsten Schmidt and Gert KÃ¶nig-Langlo 
Heft-Nr. 147/1994 - ,,Krustenstrukturen und Verlauf des Kontinentalrandes im 
Weddell Meer I Antarktis", von Christian HÃ¼bscher 
Heft-Nr. 148/1994 - "The ex editions NORILSK/TAYMYR 1993 and BUNGER OASIS 1993194 
of the AWI Research Unit ~ o g d a m " ,  edited by Martin Melles. 
** Heft-Nr. 145/1994 - "Die Expedition ARCTIC' 93. DerFahrtabschnitt ARK-IW4 mit 
FS 'Polarstern' 1993" herausgegeben von Dieter K. Futterer. 
Heft-Nr. 150/1994 - "Der Energiebedarf der Pygoscelis-Pinguine: eine Synopse", von Boris M. Culik. 
Heft-Nr. 151/1994 ,,Russian-German Coo eration: The Transdrift l Expedition to the Laptev Sea", 
edited by Heidernane Kassens and Valeriy Karpiy. 
Heft-Nr. 15211994 - , Die Expedition ANTARKTIS-X mit FS 'Polarstern' 1992. Bericht von den 
Fahrtabschnitten / A ~ T - X  / 1a und 2 "  herausgegeben von Heinz Miller. 
Heft-Nr. 153/1994 - "AminosÃ¤ure und Huminstoffe im Stickstoffkreislauf polarer Meere", 
von Ulrike Hubberten. 
Heft-Nr. 154/1994 - "Regional und seasonal variability in the vertical distribution of mesozooplankton 
in the Greenland Sea", by Claudio Richter. 
Heft-Nr. 15511995 - "Benthos in polaren GewÃ¤ssern" herausgegeben von Christian Wiencke und Wolf Arntz. 
Heft-Nr. 156/1,995 - "Anad'oint model for the determination of the mean oceanic circulation, air-sea 
fluxes und mixing coefficienis", by Reiner Schlitzer. 
Heft-Nr. 15711995 - "Biochemische Untersuchungen zum Lipidstoffwechsel antarktischer Copepoden", 
von Kirsten Fahl. 
+ Heft-Nr. 15811995 - "Die Deutsche Polarforschung seit der Jahrhundertwende und der EinfluÃ Erich von Drygalskis", 
von Cornelia LÃ¼decke 
Heft-Nr. 15911995 - The distribution of 3 " 0  in the Arctic Ocean: Implications for the freshwater balance of the haloclint 
and the sources of deep and bottom waters", by Dorothea Bauch. 
* Heft-Nr. 16011995 - "Rekonstruktion der spÃ¤tquartÃ¤r Tiefenwasserzirkulation und ProduktivitÃ¤ im Ã¶stliche 
Sudatlantik anhand von benthischen Forarnin~ferenvergesellschaftungen", von Gerhard Schmiedl. 
Heft-Nr. 16111995 - "Der EinfluÃ von SalinitÃ¤ und LichtintensitÃ¤ auf die Osmol tkonzentrationen, die Zellvolumina 
und die Wachstumsraten der antarktischen Eisdiatomeen Chaetoceros sp. und Navicuia sp. unter besonderer 
BerÃ¼cksichtigun der AminosÃ¤ur Prolin", von Jurgen Nothnagel. 
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